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© The invention provides a process and the product of pro- - 
cess for the preparation of N-phosphonomethyl-glycine com- 
prising the oxidation of an aqueous suspension of 
N-phosphonomethyMmino diacetic acid in the presence of a 
catalyst with oxygen or an oxygen-containing gas. 



Comparing the process of the invention with the known 
processes, specific conversion is considerably increased and 
significant amounts of energy can be saved. 
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PROCESS FOR THE PREPARATION OF N-PHOSPHONOMETHYL GLYCINE 
AND N-PHOSPHONOMBTHYL RT.vrTUP ppt, PARED THEREBY . 

The present invention relates to 8n implement 
in the process for the preparation of N-phosphonomethy! ' 
glycine by the oxidation of N-phosphoriomethvl imino diacetic 
acid with oxygen or an ' oxygen-containing gas in the 
presence of a catalyst. 

N-phosphonomethyl glycine has been known and 
widely used for almost a decade for its herbicidal 
activity. N-phosphonomethyl glycine (Glyphosate) is 

suitable. for the control of various .onpcotyledohous and 
dicotyledonous annual and perennial undesired plants in case of 
post-emergent treatment. A particular advantage of the 
compound is that it does not possess any persistent 
activity and thus it can be successfully employed in 
crop rotations fProc. N. Cent. Weed Control Conf. 2 6 t 
64 /1971/). 

N-phosphonomethyl-glycine is most often prepared 
by the oxidation of N-phosphonomethyl iminodiacetic acid. 
One known procees comprises oxidizing the starting 
material with hydrogen peroxide (Dutch Terinzagelegging 
'No. 73 07 449). According to another 
method the acetic acid gr0 up of the starting material 
is split off by acid catalysed hydrolysis (Hungarian 



0019445 



- 2 - 

Patent Specification No. 165 965). 

Electrolytic oxidation is disclosed in German 
Federal Republic Patent Specification No. 2 363 634, US 
Patent Specification No. 3 859 183, and British Patent 
Specification No. 1 452 644. In the first of these ref- 
erences N-phosphonomethyl imino diacetic acid is subjected 
to anodic oxidation in acidic medium, by using graphite 
electrodes, whereas the last two references relate to 
oxidation carried out on the tetraester group of N-phosp- 
honomethyl imino diacetic acid and the desired end product 
is formed by hydrolysing the obtained N-phosphonomethyl 
glycine triester. * 

Oxidation of N-phosphonomethyl imino diacetic 
acid may also be carried out with oxygen o"r oxygen- 
containing gas in the presence of a' catalyst (US Patent 
Specification No. 3 969 398, German Federal Republic " 
Patent Specification No. 2 519 388 and Belgian Patent 
Specification No. 861 996). The advantage of the 
catalytical oxidation over the known methods mentioned 
above is that it does not require expensive chemicals or 
electrolysing equipment . Severe drawbacks of this 
method, however come from the fact that N-phosphomethyl- • 
imino diacetic acid, used as starting material, is poorly: 
soluble in water (saturation concentration of the com- 
pound at 25°ci 1 % by weight, at 95°Ci A % by weight, and 
even at 150°C i.e. even in cases when operations are 
conducted at a higher pressure than normal pressure, the 
solubility amounts only to 10 % by weight (see German . 
Federal Republic Pat nt Specification No. 2 519 388)* 
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As a consequence of the rainimal Qf 
"ethyl imino diacetic acid, aqueous solutions have to be 
^ployed in a large amount thereby reducing the useful 
capacity of the reactor and thus increasing the energy 
5 required. A large amount of water has to be removed - from 
the effluent Squiring a further amount of energy. j hie 
Process is thus uneconomical considering both utilization 
of capacity and energy balance. 

In order to eliminate the disadvantages mentioned 
10 above a method is disclosed in Belgian Patent Specifica- 
tion No. 861 996, according to which the salts of ' 
N-phosphonomethyl-imino diacetic acid are used as 

starting material. Depending upon the character of the 
cation present, the salts of N-phosphonomethyl imino diacetic 

15 acid form a 5-30% saturated solution with water at a temp- 
erature of 100 °C. From the point of view energy-saving, 
only those salts whose solubility is close to the upper 
limit of the saturated concentration may be used in large 
scale practice. Thus, for example, the isopropyl amine salt 

20 °f N-phosphonomethyl imino diacetic acid may be employed . 
Data disclosed in Belgian Patent Specification No. 861 996 
show that during the oxidation of the compound a considerable 
amount of by-products is formed (such as N-methyl-N-phosp- 
honomethyl glycine and methylamine methyl phosphonic acid) 

25 which reduce the yield of the end-product and which may be' 
removed from the end-product only with difficulty. Though 
the formation of by-products may be reduced if the convent- 
ionally- 
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used charcoal catalysts are replaced by a platinum catalyst* 
(in . which case the rate of the main reaction is 

selectively increased) side reactions however can never be 
eliminated completely. A further disadvantage is the low 
5 yield of the reaction: isopropylamine salt of N-phosphono- 
methyl glycine is obtained even in the most favourable 
case in the form of about 20 % aqueous solution, thus 
a large amount of water still has to be removed from the 
solution (about 50 %) if the product is formulated in the 
10 commercially available form of a 36 % aqueous solution. 
This process is however somewhat more economical than 
the previous process, but neither the purity of the 
product nor the energy balance of the process is 
satisfying. 

^ 5 According to the present invention the disadvantages 

of the above-mentioned currently known processes are largely 
eliminated by preparing pure N-phosphonomethyl glycine by an 
economic, energy-saving and capacity- increasing process. 

We have now found that catalytic oxidation of N- 

20 phosphonomethyl imino diacetic acid may be carried out in 
suspension thus completely or almost completely converting 
N-phosphonomethyl imino diacetic acid to N-phosphonomethyl 
glycine with a great specific conversion (relate"d to time 
units and identical liquid volumes) - 

25 The process according to the invention was not 

obvious in the light of the disclosure of German Federal 
Republic Patent Specification No # 25l9 388„ On the 
contrary in the cited reference a process is disclosed 
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comprising the oxidation of N-phosphonomethyl Lino 
Clace tic acid carried out in aqueous solutions and not 
-en the use of supersaturated solutions is suggested 
because: "the. precipitation of the starting material 
can be expected whereby the reaction is slowing down and 
Fne separation and purification of the product beeves . 
more difficult." 

Similar conclusions could be drawn when con- 
sidering the reaction mechanism of suspensions. As the 
reaction may take place only on the boundary surfaces, it 
could be expected that the reaction - if it takes piace 
at all - would be extremely slow from the beginning, the 
rata of reaction would gradually decrease with accumulating 
end-product and, on achieving a given concentration the 
raac.tion would substantially come to an end .as the molecules 
of the end-product formed on the boundary surface can 
diffuse only very slowly into the inner part of the 
liquid layer. Thus even in the most favourable cases only 
very slow reactions could be expected in suspensions, 
20 where 100 % conversion is not achieved. We have now 
surprisingly found that the amount of the starting 
aaterial convertsd within one time unit (expressed in 
grains; in a suspension is about twice that 
amount obtained in the reaction conducted in liquid layer 
25 and furthermore the starting material can be 

completely converted to the end-product. It has to be 
noted that none of the conventionally-used methods 
to accelerate the reaction in suspensions 
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(such es pragrinding in a colloid .ill tramt h 0019445 

iAA * treatment wiih 

wetting aganta ate.) need be used. 

According to the present invention we therefore 
provide a process for the preparation of N-phosphonomethyl- 
glycine comprising the oxidation of an aqueous suspension^ 
N-phophonomethyl-imino diacetic acid in the presence of a 
catalyst with oxygen or an oxygen-containing gas; the said 
suspension advantageously containing from 7 to 70 g, and 
preferably from 20 to 50 g, of N-phosphonomethyl-imino 
diacetic acid per 100 ml of water. 

According to a further aspect of the present invent- 
ion we also provide N-phosphono-methyl-glycine whenever 
produced by the process of the present invention. 

The content of N-phosphonomethyl-imino diacetic acid 
of the aqueous suspension may vary within a relatively wide 
range. The lower limit is given by the solubility of N- 
Phosphonomethyl imino diacetic acid at a given temperature, 
while the u P p er limit depends, on the miscibility of the 
reaction mixture. if, for examplS/ the reaction . g 
out at 100 ° C ,then 5% suspensions may be used as a lower 
limit, but obviously the use of suspensions containing 
30-50% of solid is preferable. 

Oxidation is carried out with oxygen or a gas mixture 
containing oxygen, such as air. if pure oxygen ±s 
as the oxidant ; the rate of reaction is higher than the rate 
of oxidation conducted with air, but considering the eguio- 
ment, energy and labour requirements for the preparation of 
pure oxygen it is more economical to use air as the oxidant. 

The reaction temperature may vary within relatively 
wide limits. The reaction .conveniently is carried out at a 
temperature ranging from temperature to 200 °C, preferably f rc 
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60 " ° C ' — P«'.r.bly fro m 70 t0 l20 

The reaction may be conducted at nor , 

but the reaction P r «"«r. 
reaction rate i8 ratner low when ■ 

normal pressure n, 9 er 

Pressure. The reaction is preferably carried 
elevated n reflflllra . Y Cerr *ed out at 

^reaaure. 8UCh as > for ««Ple, 2-20 atn it < 

■ Option is always conducted shok 

h tb - 91ve 5 h °™° 9 — in. 

7 9eneltieS Sl ™ — ' r eactlon and thus the 
end products „ sy conCaln iopuritles _ 

e 

Those cata ly sts suitable for use in the process 
«* the present invention inciuoe. f or example, the kno „ n 
"taivsts. such as powder ror„ea or g ranular charcoal «e g 

— n F e d eral Hepuolic Patent Specification N o. 2 519 3 a 8) " 
nohXe ra etal catalysts on a ^ ^ ^_ piati ^ ^ • 

-1- appUed on activated charcoai, , „ oble ^ oxi<Je ^ 
(-ch as piatinu* oxide,. „ ob le ,etal, pr efera b l y 

c a a in " lal ° f r " CtiM «- ««- 

coal catalvstQ • 

yStS ' that " to say thev act as rafp 

- u " ra te increasing 

"Ulyt. as disoiosed in Beloi a„ Patent Specif lcatio „ 

»«. Activated charcoal » y be separated by si Bpi e 
filtration and it ,a y he fully recovered by ^ 
hot water and by dryi „ 9 at ^ „ c _ The ^ 

i8 SUSPendSd *" h °' *•«■* which o* yge „ or an 
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oxygen-containing gas, e.g. air, is introduced and the 
recovered catalyst subsequently is dried. The catalytic 
activity of the recovered catalyst does not significantly 
decrease even after 10 working cycles. On the other hand, 
according to Belgian Patent Specification No. 861 996, 
activated charcoal when used as a catalyst for the oxidation 
carried out in a solution looses its activity after a 
few cycles and can no longer be removed. 

According to the invention, however no significant 
losses in the material were observed in the course of the 
recovery of the catalyst. 

At least 5 mg. of catalyst are used per 1 g. of 
the starting material N-phosphonomethyl imino diacetic acid. 
The upper limit of the amount of the catalyst is for the 
most part determined by economic factors. The amount of the 
catalyst may be for example 0.5-100%, preferably 5-60%, part- 
icular preferably 5-40% of the amount of N-phosphonomethyl 
imino diacetic acid. 

N-phosphonomethyl glycine obtained according to 
the process of the invention is shown by NMR spectroscopy 
to be in the form of a highly pure product. The obtained 
aqueous solution may be concentrated , if desired, according 
to the requirements of the user, or N-phosphonomethyl glycine 
may alternatively be separated in solid form. Solutions 
obtained according to the invention and containing N-phosp- 
honomethyl glycine may, after distilling off formaldehyde, 

be employed directly for agrochemical purposes. 

Percentages herein refer to percentages by 
weight unless otherwise indicated. 
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The following Examples serve to illustrate the 
present invention without limiting the scope of protection 
sought therefor.* 

Example 1 

The reaction is carried out ln an acid-fast 
200 «l. cylindrical steel tank equipped with a heating 
Jacket, thermometer, and an air-introducing and air-outlet 
valve. To the reactor a solution of 4 g. of N-phosphono- 
nethyl iminodiacetic acid in 100 .1. of water at a 
temperature of 100 ° C is added and to the solution 0.4 g. 
of Norit A catalyst is introduced. The reactor is 
sealed, fixed on a shaker and air is introduced into the 
reactor until a pressure of 6 atm is achieved. The 
reaction is carried out at 90-95 °C under steady stirring 
of the contents of the reactor. The formaldehyde and carbon dio- 
xide formed during the reaction are 'blown out from the reactor 
every 30 minutes. Under such conditions the reaction is 
complete within 2.5 hours and 2.8 g. ( 100%) of 
pure N-phosphonomethyl glycine are obtained (purity 
verified by NMR spectroscopy). Specific conversion is 
calculated according to the following formula: 

weight of end product (g.) 

specific conversion = — — 

volume of liquid reaction time 
(litre) x (hour) 

Specific conversion: 11.2 g./l.hour 
Example 2 

One jnay proceed according to Example 1 but as 
starting material 100 g. of water, 20 g. of N-phosphono- 
methyl imino diacetic acid and as catalyst 2 g. of Norit 
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A are used. Aft.r . r...tio„ tl.. 0 f 6.6 hour. U g 

of N-ph ephonom thyl gl yclne are obtalned ^ ^ ^ 

specific conversion amounts to 2 1. 5 g ./litres.hour > 
(1.9 times greater than that achieved according to 
> Example 1) . 

Example 3 

. One »ay proceed ae disclosed' in Ex ..pl. 1 but 
a* starting material 100 9 . of „ ater> 40 ^ of 
phoephoncethyl lml „„ diacetlc acid and a S ca ta ly at 4 g 
of Norit A catalyst are uaed. After a reaction tin. of 
10 hours, 28 . S ot pure N . pn08phonopethyl slycine 
obtained (verified by NMR spectroscopy). Specific 

conversion: 28.6 g./litres hour (o c «. - 

y / -Litres. nour (2.5 times greater than 

that obtained in Example 1). 
Example 4 

One may proceed es disclosed in Example 1 but 
as starting material 100 g. of water, 30 g. of N-phosonono- 
methyl imino diacetic acid and as catalyst 3 g. of Norit A 
catalyst are employed. After a reaction time of 8.5 hours, 
21.2 g. of pure N-phosphonomethyl glycine are obtained 
(verified by NMR spectroscopy). Specific conversion: 
24.9 g./litres.hour (2.2 times greater than that 
achieved according to Example 1) . 



Example 5 

Th reaction is carried out in a 2 litres acid- 
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faat and pressure resisting steel autoclave equipped with 
a heating Jacket, thermometer, air-introducing and air- 
outlet valve and paddle stirrer. To the autoclave 300 
g» of N-phosphonomethyl imino diacetic acid, 1000 ml. of 
water and 30 g. of Norit A are introduced. The autoclave 
is sealed, the reaction mixture is hea-ted to 90-95 °C, 
and air is led to the autoclave under the liquid level 
until 6 atm pressure is achieved. The suspension is 
stirred at a rate of 400 rpm. After a reaction time of 
8.5 hours, 208 q. of pure N-phosphonomethyl glycine are 
obtained, the purity of which is checked by NMR spectro- 
scopy. Achieved specific conversion: 24.4 g./litres. hour 
(2.2 times greater than that obtained by" Example 1). 
Example 

15 Wnen the reaction is completed, the catalyst 

is immediately filtered off. the mixture is washed with 
hot water and dried at 110 °C. The 

catalyst thereby recovered is used in further operations. 
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Example 6 

One may proceed as disclosed in Example 5, but 
as starting material 1000 ml. of water, 200 g. of N- 
Phosphonomethyl imino diacetic acid and as catalyst 20 a. 
of Norit A recovered ee disclosed in Example 5 are used. 
After a reaction time of 6.5 hours, 146 g. of N-phoephono- 
25 methyl glycine, the purity of which is verified by NMR 
spectroscopy, are obtained. Achieved specific con- 
version: 22.4 g./litres.hour (twice the value obtained 
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in Example 1) . 
The 



catalyst ie recovered ae described in Example 

5 and may be. used in further ooerations. 



Example 7 

One may proceed as described in Example 1 but using 
as starting material 100 ml. of water, 20 g. of N-phosphono- 
methyl imino diacetic acid and as catalyst 2 g. of Norit 
A catalyst (the catalyst having been recovered after the 
reaction disclosed in Example 6). After a reaction time of 
6.5 hours, 14.2 g. of pure N-phosphonomethyl-glycine are 
obtained, the purity of which is verified by NMR spectro- 
scopy. Achieved specific conversion: 21.8 g. /litres. hour 
(1.9 times' greater than that achieved according to Example 1) . 

After recovery, the catalyst is used in five further 
working cycles. The activity of the catalyst is not reduced. 



Example 8 

One may proceed as disclosed in Example 1 but as 
starting material 100 ml. of water, 20 of N-phosphono- 
methyl imino diacetic acid and as catalyst 5 % 
palladium/charcoal (Cerbo C Extra) are employed. After 
a reaction time of 5 hours ; 14.4 g. of pure 4-phosphono- 
rnethyl glycine are obtained, the purity of which is 
verified by NMR spectroscopy. Achieved specific con- 
v r6ion: 28.8 g./lit r es . hour (2.5 times greater than that 
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obtained in Example 1) . 



Example 9 
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sta Pr0C8ed SS di9Cl066d " *-P*1buf.. 

Parting material 100 Bl . of 

"thyl i.ino dlacetic aci4 and t6r ' 20 °' ° f N "P^-PHono- 
C Extr« 83 Cataly8t 2 8- of Carbo 

4 T reemploye " After7 —— im6} • 

•3 .9. of Pure N- Pho6 p honomethyl glycine flre 

PUmy " ^ « ^ by NMR spectroscopy. 
Achieved s peci f ic conversion- 20 * „ ,„ 

"* 20 ' 8 B-/l"«8.hour« (1.85 

greater than the value achieved in Example 1)'. 



Example 10 
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one „a y p r0ce8d es , lsclosed jn Exmpu 1 as 

«.r«m 8 naterial 100 , K of „ aterj 2o g _ of 

methyl imino dia CP t^ „ 

C6tiC aCid and as catalyst 2 g, of 5 « 
Plating/charcoal ( Carbo C Extra) are used, A#tBr a 

reaction tl„ of 4.5 hours, 14.2 g. of pure N-phosphono- 
-H l glyclne gre Qbtained ^ ^ ^ whic ^ s ^ 

by spectroscopy, The achieved specific conversion . 

31.5 g. /litres .hours (2.8 tines greater than the value . 
obtained in Example 1) . 

WhM ""P"^ data of E «.pi„ e t0 10> lt can 
be obaarved ,„ at by usi „ 9 ^ ^ 

rate may be increased. 
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CLAIMS : 



1 * A process for the preparation of N-phosphono- 

methyl-glycine comprising the oxidation of an aqueous sus- 
pension of N-phosphonomethyl-imino diacetic acid in the 
presence of of^a catalyst with oxygen or an oxygen-containing 
gas. 

2 - A process as claimed in claim 1 wherein the 
aqueous suspension used as starting material contains from 
7 to 70 g of N-phosphonomethyl-imino diacetic acid per 100 
ml of water. 

3 - A process as claimed in claim 1 wherein the 
aqueous suspension used as starting material contains from 
20 to 50 g of N-phosphonomethyl-imino diacetic acid per 100 
ml of water . 

4 * A process as claimed in any one of ciaims 1 to 3 

wherein the oxygen-containing gas used to effect the oxidatic 
is air. 

5 - A process as claimed in any one of claims 1 to 4 

wherein the said oxidation is effected at an elevated pressur 
6 * A process as claimed in any one of claims 1 to 5 

wherein the said catalyst comprises activated charcoal. 
1 ' A process as claimed in claim 6 further comprising 

the separation by filtration of the activated charcoal cata- 
lyst after the oxidation, and the recovery of the separated 
catalyst by washing with hot water and drying at 100 to 120°C 
8 - A Process as claimed in claim 7 wherein the wash- 

ing of the catalyst is effected with hot water during the 
introduction of oxygen, air or another oxygen-containing gas. 
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N-phosphonoxnethyl-giycine whenever prepared by 
a process as claiined in any Qne Qf x ^ 



